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1. Summary
Industrial Symbiosis (IS) is an established environmental practice that brings together
companies from all business sectors, with the aim of improving cross industry resource
efficiency through the trading of materials, energy and water and sharing assets, logistics and
expertise. It forms part of the wider environmental practice known as Industrial Ecology (IE),
and has well-proven environmental, social and economic benefits in a number of contexts and
at local, regional and national scales.
The eSymbiosis project seeks to understand and respond to the lessons that can be learned
from IS activity as it has developed over the last 40 years, drawing on proven best practice that
has emerged from IS initiatives at widely differing scales. This knowledge is fundamental to the
development of eSymbiosis as a means to enable and facilitate effective, appropriate and
sustainable IS practice, initially on a regional scale amongst small and medium sized industrial
actors in the Region of Sterea Ellada.
Through the study of precedents set by other IS initiatives, the eSymbiosis project is developing
an accessible, intuitive online support system to enable the establishment, growth and
management of individual IS networks that mainly comprise small and medium enterprises
(SMEs) and can only draw on a limited amount of specialist ‘IS practitioner’ support. The
system also serves to gather substantial amounts of data and tacit knowledge from businesses
within the IS network, that can be used to inform policy and strategy at a range of levels,
enabling public administrators to implement and manage their environmental policies effectively
and to monitor their environmental and economic consequences using real and current
information.
1.1 Σύνοψη (Summary in Greek)
Η Βιομηχανική Συμβίωση (ΒΣ) είναι μια καθιερωμένη περιβαλλοντολογική πρακτική που φέρνει
σε επαφή εταιρίες από όλους τους κλάδους, με στόχο τη βελτίωση της διακλαδικής
αποδοτικότητας των πόρων, μέσω της ανταλλαγής υλικών, ενέργειας και νερού και της κοινής
χρήσης κεφαλαίου, δικτύων μεταφοράς και τεχνογνωσίας. Αποτελεί τμήμα της ευρύτερης
περιβαλλοντολογικής πρακτικής γνωστή ως Βιομηχανική Οικολογία και έχει αποδεδειγμένα
περιβαλλοντολογικά, κοινωνικά και οικονομικά οφέλη σε διάφορα πλαίσια και τοπική,
περιφερειακή και εθνική κλίμακα.
Το έργο eSymbiosis επιδιώκει να κατανοήσει και να ανταποκριθεί στην αποκτημένη γνώση των
δραστηριοτήτων ΒΣ όπως έχουν αναπτυχθεί τα τελευταία 40 χρόνια, στηριζόμενο στις
αποδεδειγμένα βέλτιστες πρακτικές που έχουν αναδειχθεί από πρωτοβουλίες ΒΣ σε διάφορες
κλίμακες. Αυτή η γνώση είναι θεμελιώδης στην ανάπτυξη του eSymbiosis ως μέσο για να
καταστεί δυνατή και να υλοποιηθεί αποδοτικά, κατάλληλα και βιώσιμα η πρακτική της ΒΣ,
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αρχικά σε περιφερειακή κλίμακα μεταξύ των μικρομεσαίων βιομηχανικών παραγόντων στην
Περιφέρεια της Στερεάς Ελλάδας.
Μέσω της μελέτης των προηγούμενων πρωτοβουλιών ΒΣ, το έργο eSymbiosis αναπτύσσει ένα
προσβάσιμο, διαισθητικό online σύστημα υποστήριξης για να καταστήσει δυνατή την
εγκαθίδρυση, ανάπτυξη και διαχείριση των ξεχωριστών δικτύων ΒΣ που περιλαμβάνουν κυρίως
μικρομεσαίες επιχειρήσεις και μπορούν να στηριχθούν σε περιορισμένη υποστήριξη από
εξειδικευμένους “επαγγελματίες της ΒΣ”. Το σύστημα εξυπηρετεί, επίσης, τη συλλογή
σημαντικής ποσότητας δεδομένων και άρρητης γνώσης από επιχειρήσεις μέσα στο δίκτυο ΒΣ,
που μπορούν να χρησιμοποιηθούν για την ενημέρωση της πολιτικής και στρατηγικής σε
διάφορα επίπεδα, δίνοντας τη δυνατότητα στους δημόσιους λειτουργούς να υλοποιήσουν και να
διαχειριστούν αποδοτικά τις περιβαλλοντολογικές τους πολιτικές και να παρακολουθούν τις
περιβαλλοντολογικές και οικονομικές επιπτώσεις χρησιμοποιώντας πραγματικά και τρέχοντα
δεδομένα.

2. Scope, objectives and methodology
This report describes and analyses international experience in IS, and presents an overall
performance evaluation of the NISP system in the UK (advantages, environmental savings,
problems encountered, etc) and lessons learned, especially those that can be of value to the
eSymbiosis project.

Its objectives are to assess the development of IS networks and their various forms, and in
particular to assess the potential for eSymbiosis to sustain itself as a self-driven service for the
network’s members.

We also investigate requirements for data collection, examining existing models in order to
asses the key information structures to enable IS matching to take place. The eSymbiosis
platform will be fundamental to the success of the network as a whole, enabling and supporting
the best possible IS matching and synergy opportunities.

The collection of all relevant

information, and its presentation to the members in appropriate and useful formats, is therefore
crucial.

The primary methodology of the report is to draw directly on the experience of industrial
symbiosis practitioners from within the project partnership, applying this expertise and providing
commentary on international IS practice. This approach is supported by examination of the
knowledge base within the established IS community, and within the academic groups involved
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in forming strategy and analysing the ongoing development of IS as a proposition. It also draws
on further expertise from the project team in data management, and specifically in ontology
engineering.

3. International experience in Industrial Symbiosis: IS development and
approaches adopted
IS has developed significantly since its inception some 40 years ago as a way of identifying
local, business-led resource efficiency collaborations - in particular in the way it is defined by
both practitioners and academics. The various approaches adopted can be broadly categorised
as
 Self-organising (unplanned),
 Facilitated, and
 Planned

3.1 Self-organising networks
A strong early example of IS was at Kalundborg i in Denmark (Fig 1, below), where an
unplanned industrial park has evolved over time (beginning in 1972) into a cluster of companies
that rely on each other for material inputs – this example is still seen as a benchmark for
sustainable, locally-based and self-organising IS networks, and goes a significant way in itself
towards supporting Chertow’s definition of IS in 2000 and her supporting argument that the keys
to industrial symbiosis are collaboration and the synergistic possibilities offered by geographic
proximity.ii
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Fig 1: Diagram of the Kalundborg IS network

Chertow asserts that the ability of IS networks to self-organise is a critical part of their
establishment. In 2012, Chertow and Ehrenfeldiii (similarly to Baas and Boons in 2004), set out
a very clear view of self-organising IS network development, describing three key
developmental stages; sprouting, uncovering and embeddedness.

They recognized the

simplistic, unplanned ‘sprouting’ activity that might happen at a basic level between actors,
where firms engage in individual resource efficiency exchanges (usually driven by mutual
economic benefit) until their actions are ‘uncovered’ and made available in the public domain.
Once uncovered, embeddedness (also described as institutionalisation) would follow as a
coordinating institution arises to further support firms’ actions through a more extensive and
formalized IS network.

There is a clear finding that this initial ‘sprouting’ of self-organising IS activity tends towards
firms developing norms of trust and reciprocity along the lines of the ‘serendipitous’ network
processes described by Kilduff and Tsai (2003); this usually being based around either
geographical proximity or an industry-specific relationship (or a combination of the two). It is
also evident that there is a tendency for the actors to be inclined to keep their activity ‘covered’
for reasons of commercial advantage – there is a very clear demand across many of the IS
activities studied that any commercial benefit gained be kept confidential between the parties.
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3.2 Facilitated networks
The UK’s NISP programme is probably the most well-known facilitated IS programme, and is
still the only such venture to have been established at a national scale. It developed from early
initiatives facilitated by the UK Business Council for Sustainable Development (BCSD-UK),
which included the Humber Region Industrial Symbiosis Project (HISP) and similar projects in
the West Midlands and Mersey Estuary. Other facilitated programmes (at a range of scales)
have been introduced elsewhere in the world following the NISP model, with funding from
various bodies enabling the supporting application of expertise derived directly from NISP – for
example in China, Mexico, Brazil, Romania and Hungary. These programmes have achieved
varying levels of quantifiable success, both in terms of deliverables and in their continuation
beyond the initial project duration.

We have observed that the development of a wider and more institutionalized IS network
naturally leads to a greater requirement for facilitation and supporting systems, a far greater
requirement for funding and therefore a far greater tendency for the network and its processes
to become ‘goal directed’. Paquin and Howard-Grenville studied the development of NISP in
the UK as a facilitated IS programme, arguing that facilitated IS represents a middle ground
between self-organized and planned ISiv, and drew a clear inference that as the programme
grew its reliance on central funding to support practitioner interventions became significantly
greater.

This clearly drove the NISP practitioners towards an approach that sought out

opportunities on the basis of their potential contribution to programme metrics – the key to
ongoing funding for their facilitation activity – potentially over and above the consideration of
their role as facilitators of opportunities that the network might gain more benefit from in terms of
building trust, long-term relationships or meeting their own business objectives.

3.3 Planned IS networks
Planned IS networks originally developed as a simplistic co-location of industries viewed as
compatible in terms of resource demand and availability: industrial parks intended to ensure that
IS opportunities could be maximised, through imposing specific planning requirements and
constraints on which types of industry could be established there. Such developments are often
termed ‘Eco Industrial Parks’ (EIPs).

Examples of these EIPs include a number which have been established in the United States
and Canada, such as the well-known Burnside Park (in Halifax, Nova Scotia) where more than
1,500 businesses have worked together to improve environmental performance and to develop
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profitable partnerships. Here an existing industrial park was modified to incorporate IS, but the
later example of Londonderry EIP (New Hampshire, USA)v was from its inception more explicitly
focused on this approach. Its governance system, for example, requires all tenant businesses
to monitor resource utilization and to set environmental performance targets.

3.4 Development of the NISP programme over time
In examining the types of IS networks which have been established across the world, and in
particular in examining the development of the NISP programme since its inception, we would
conclude that there is a momentum that tends to develop within the lifecycle of a facilitated IS
network that can move it out of the middle ground described above and firmly into a goaldirected, planned IS realm.

In their reappraisal of their study of the growth of the UK NISP programme, Paquin and HowardGrenville observe that goal-directed processes increasingly replaced serendipitous processes
as the [NISP] facilitator leveraged its specialized knowledge of firms, resources, and exchanges
to deliver on its performance targets. This evolution was necessary for the facilitator to focus
efforts and resources to attain targets set by its funding bodyvi.

From this we would further conclude that while a large-scale, geographically wide network has
the potential to generate a greater quantity and diversity of opportunities, this comes at the cost
of it being unable to sustain itself without a significant injection of funding and resources. In the
case of NISP this is clear from the way substantial cuts in programme funding over the last few
years have progressively impacted on the shape of the network. It is interesting to note that in a
2009 update on the UK NISP programme, it was reported that NISP is moving their focus from
demand led approach to Intelligence Based Industrial Symbiosis. Regional Economic
Development through the Intelligence Based Industrial Symbiosis (RED IBIS) is their next
slogan. And this perhaps demonstrates the change in the NISP strategy that may be required
for the continuation of funding in the UK and to introduce / market NISP services in other
countriesvii.

4. Commentary on the performance of the NISP programme
Regardless of any changes in scale or model, it has to be acknowledged that NISP in the UK
has provided a very significant contribution to the resource efficiency agenda and to
government social, economic and environmental targets. Since its formal start in 2005, the
programme has exceeded all initial expectations and successfully delivered millions of tonnes
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(or equivalents) of benefits along with the promotion of investment and the creation or
safeguarding of significant numbers of jobs alongside IS activity.
4.1 Environmental, social and economic deliverables of NISP in the UK
In all, in the seven years since its formation as a national programme, NISP claims headline
impacts in the UK of
 35 million tonnes of reduced carbon emissions
 64 million tonnes of industrial water savings
 8,770 jobs either created or safeguarded through IS initiatives
 £860m of IS-derived cost savings to NISP members
 £900m in new sales for NISP members
 53m tonnes of virgin material savings
 2m tonnes of hazardous waste eliminated
1
 39m tonnes of industrial waste diverted from landfill

It is also held by NISP that the total value added to the UK economy by the programme’s activity
is (depending on the basis of calculation) between £1.5bn and £2.4bn - representing by far the
highest ‘return on investment’ of any of the government-funded resource efficiency
programmes, and seeking to prove the huge value that IS activity can deliver to the economy.
It should be noted that one of the key features in the early development of the programme was
the application of third party validation to claimed outcomes, in the quarter they were generated.
This meant that NISP’s figures were treated as highly credible by both the members of the
network itself and the stakeholders to whom they were reported.
4.2 Problems encountered in the delivery of NISP
Perhaps the most resilient study of the way NISP engaged and delivered was that carried out
over an eight-year period by Paquin and Howard-Grenville’s team, and the two submissions to
the Journal of Industrial Ecology that we have referenced in our narrative above. It is very clear
that the number of members, transactions within the network, and quality and quantity of
outcomes grew very quickly in the second and third years of the programme, where the level of
facilitation (and supporting funding) grew accordingly.
It is also clear that, although from year two onwards there was a single, national NISP
methodology which the practitioners were asked to apply to advocacy and engagement

1

Figures taken from NISP website, 2012
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activities, there were still significant variations in both the levels of activity and the levels of
outcomes between regions. Much of this was based around the level of experience of the
regional teams - those with a history of IS prior to the national programme (North East,
Yorkshire and Humber, West Midlands) were clearly able to draw on the experience and
established relationships they had available, while others were starting almost from scratch and
found gaining momentum somewhat more difficult.
The intended impact of NISP can be taken from the three broad headings that the programme
metrics fell into - materials, economics and social impacts. As the programme became able to
analyse its activities in more detail it became possible to show that certain materials, while
presenting (for example) large landfill diversion impacts, gave minimal benefits in terms of other
measures. This started to change the way the metrics were perceived, and the emphasis given
to certain materials - for example soils, concrete and so on are heavy so generate a high
tonnage in terms of landfill diversion or virgin material replacement, but they have relatively
small benefits in terms of carbon reduction. Plastics are comparatively light, but can provide
significantly more (around 15 times more) carbon benefit. This started to lead practitioners
along the road of seeking to deliver a ‘mixed bag’ of synergies that enabled the wide range of
funder-required programme metrics to be delivered, and the much more directive approach to
facilitation that prevailed in the most recent years of NISP.

5. Lessons learned from the study of international experience (of IS in
general and NISP in particular) and their application to eSymbiosis in
terms of data capture, management, analysis and reporting
5.1 Information Structures
It is clear from studying the various methodologies that have been employed since the
recognition of IS as a methodology that IS related data structures have to capture a broad
spread of information about member companies and their resources. Even the most basic
‘waste exchange’ initiatives have a minimum requirement for data capture in order to make
them effective. The range of data gathered, the structures it can be placed in and the ways in
which it can be managed and analyzed have progressed significantly in line with the availability
of progressively more sophisticated and powerful supporting technologies.

In the most

advanced systems, ‘hard’ data can be enhanced by the additional capture of searchable ‘tacit’
or experiential data from members and IS practitioners, gained from their knowledge and
understanding of the processes and resources involved in an IS transaction or as a way of
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recording and making available any unusual problems or opportunities that might occur while
developing a particular transaction.
The extent of data gathered varies widely, but one of the main differentiators is the level of
support or intervention that is required to service the network and enable high quality
transactions to take place. Simplistic online tools have been readily available in the UK for a
number of years (BREMAP, Eastex etc) that merely signpost a user to a potential solution to
their needs – there is no supporting expertise and any potential transaction has to be identified
and managed by the user themselves.
More complex tools tend to rely much more on the intervention or direct management control of
an IS support expert (commonly referred to as a ‘practitioner’), requiring the gathering from
members of significant amounts of data by IS practitioners and allowing the possibility of further
enhancement of the dataset for each company or location using publicly-available commercial
databases.

There is also the capacity to capture tacit knowledge gained during the

development of a transaction – understanding why transactions fail is vitally important. This
level of data enables very complex analysis of the IS network to take place that moves towards
the use of ‘business intelligence’ to inform the strategic direction of future engagement activity
within and outside the network, and to provide valuable ‘real time’ feedback from business on
the impact of certain types of legislation.
There are two fundamental areas of data that have been captured to some extent within all of
the IS processes reviewed, regardless of whether they were captured manually or online.
These are


Details of the business and the sites it operates from



Details of the type and individual location of each resource available or required

5.1.1 Organisations and sites
The fundamental requirement is to define the identity of the member organisation, the nature of
the activity it engages in and the locations (sites) it carries out the activity from. It is important
that there is a clear hierarchy in this information – each member company is able to relate itself
to one or many sites. The sites are not members in themselves, just locations where resources
may either be available or needed.
This information can be easily gathered through a simple, top-level data form as part of the
process of a member expressing interest or joining the IS network. This ‘member registration’
process is simplistic enough to be something that requires little or no expert support and is
essentially the same across all of the IS activities studied as part of this project. Different IS and
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resource efficiency networks have either kept to the basic data, as this provides them with
sufficient for their needs, or have sought to enhance it by different means to suit the
requirements of their particular network.

For example, the need for business-related

enhancements such as company turnover, number of employees etc could be much more
important to an IS network that uses commercial benefit rather than environmental impact as a
driver for engagement. The nature of the way the network engages with stakeholders and
members might also drive a requirement to add data relating to demographics, politics or the
impact of certain geographically-dependant initiatives such as Objective 1.
It is vitally important to developing a substantial IS network that all members are clear about
how their data will be managed and when it will be made available to others in the network. The
option of ‘confidentiality’ has been demonstrated in several previous IS networks and we have
taken this on board in the eSymbiosis platform. There will also be a very clear ‘charter’ that
describes how data will be used and who by.

5.1.2 Resources
Again, our study of the development of IS networks has shown us that there are a number of
approaches that have been used in the past, with the variations generally being related to the
nature and scale of the IS network, but there are certain fundamental information requirements
that are common across them all in order to correctly categorise and identify resources and
enable IS activity to take place around the network.
The main challenge for all of the programmes studied was that of ‘cleanliness’ – how to acquire
a set of data that was consistent in the way it described resources so that it would be possible
to look for potential matches between available and needed resources. Simple free text
descriptions that were made on the early questionnaires and online databases required a high
level of expert intervention to regularise them into groups of data that were useful – the
questionnaire used for the Sectoral Mass Balance Study for the UK Chemicals Industry in 2001
is a particular example of this.2 The advent of more sophisticated data entry tools meant that
fixed descriptions were available in the form of either dropdowns or lookups, and these were
further supported in the development of UK networks through the central government’s adoption
of EWC descriptor codes in the regulation of movement and trade in all wastes and resources.
However, creating a methodology for capturing resource data remains challenging where this is
expected to be carried out by the members of the network themselves, except where IS
practitioner support is readily available.
Our research has led us to what we believe is a core ‘best practice’ set of information about
2

Sectoral Mass Balance Study for the UK Chemicals Industry, produced by Enviros for
Biffaward (2001) – see Appendix 6 for details of the questionnaire, extracted from the full report
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resources that is most appropriate to the nature of eSymbiosis as a regional-scale network that
relies on minimal expert support. On the basis that the resource is automatically linked to a site
when it is generated


A unique identifier for the resource



What is its physical state (ie solid, liquid, gas etc)



Is it available or needed (also referred to as a ‘have’ or a ‘want’)



When is it available or needed from/to (also referred to as ‘validity dates’)



What is the quantity involved (note that the units need to be defined)



What is the pattern of supply available/needed (ie continuous, in batches, at certain times
of year)



What is its EWC code (this will be able to determined through a lookup system if not able
to be entered directly)



Any known financial value for the resource

Further data will be able to be gathered beyond this core set, to improve the functionality of
analysis and reporting available. For example, information relating to the component parts of a
resource may be important in the ranking of certain potential matches where the EWC
descriptor provides a broad categorisation – taking mixed construction waste to illustrate this, it
will be important to understand what the principal components are by percentage of weight. A
mix of 55% concrete, 20% steel, 20% timber, 5% stone would not necessarily be an appropriate
match in some cases, but when location is taken into account it may become more relevant.
Chemical composition by percentage may also be important in some cases, for example filter
materials from industrial processes.

5.1.3 Matches
The eSymbiosis platform will provide a registered member of the IS network with a range of
potential solutions against a resource they have available or require. Potential matches will be
ranked by relevance, and this ranking will be determined by the semantic features of the
matching engine. While a good technical match may be found at resource level between a
‘have’ and a ‘want’, there may be other issues considered in the ranking that make it less
appropriate, for example location or availability.
We also propose to provide an illustration of the main IS benefits that might arise from each
potential match, showing possible outcomes in terms of a limted range of metrics such as
landfill diversion, carbon savings or reduction in water use. Members would be able to consider
potential matches in the context of a wider range of benefits and make informed choices based
on their particular business priorities.
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5.2 eSymbiosis Solution-related ‘Enabling Technologies’
The application of ‘enabling technologies’ in order to increase the availability and quality of IS
matches is an area of IS network development that has previously relied on a substantial
amount of expert support.
Currently, there is no specific approach to capturing information about solution technologies
within IS best practice: these are, in effect, incidental to the matching process.

It is the

availability or requirement for resources (commonly referred to as ‘haves’ and ‘wants’) that
enables matching through the system, rather than the nature of any technologies that might be
involved. This approach relies almost entirely on solution providers having their capacity to
receive particular resources entered on the database: they are, except in the most complex
network support systems, unable to have details of the technologies they utilise included.
In some instances IS expert support may be necessary in order to search out appropriate
technologies, to enable appropriate potential matches to be made available to members.
However, eSymbiosis seeks to utilize web based semantics, in order to minimize the amount of
support members of the IS network may need, allowing them to take advantage of appropriate
technology solutions to access higher value or higher quality IS opportunities.

A range of technologies might be deployed to effect the implementation of succesful synergies,
such as

i)

Segregation. This may take the form of source segregation of clean material…a simple yet
very effective factor in opening up new markets. The incentive for carrying this out is driven
by market demand for the product.

ii)

Compaction. The economics of transportation of low bulk density material is enhaced by
compaction.

iii) De-packaging. Particulalry for the case where an organic fraction has to be recovered for
anaerobic diesstion process it is important to remove non-bio-degradable packaging such
as the plastic container around sandwiches.
iv) Briquetting. Feeding material into such as an energy from waste plant often requires the
material to not only have the correct calorific value but to be in the correct physical form for
feeding into mechanical conveying systems.
v) Pelletisation. Much the same as briquetting but used for wood as the pre-processing stage
before introduction to power stations
vi) Aggregation (with Quality Assurance). Cement factories often use an intermediary to
provide a quality assured refuse derived material. The intermediary aggregates material
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form a range of cosource but also controls the blending operation to produce material as a
quality assured product.
vii) Composting. Organic fractions are used to form a composted material for horticultural or
agricultural use. The value is in the provisdion of organic material and also plant nutrient
such as phosphates and potassium.
viii) Anaerobic Digestion. Organic material is broken down to provide energy by way of biogas
that may be fed into a gas engine to produce power, or may be cleaned to enter the gas
grid.
ix) Solvent Extraction. Solvent extracation techniques have been used to clean up wood
where it is contaminated with material that prevents its use as a bi-product. Solvent
extrcation has been used to remove such as copper, chrome and arsenic from treated
wood.

x) CO2 extraction. High value chemicals may be extracted using CO2 extraction technology.
Its application to remove oils from metals is also under consideration.

5.3 IS Matching Enabling Measures
It is crucial to the success of the matching process that a common format is followed in terms of
units of quantity: it is not feasible, for example, to match an available resource of 500 cardboard
boxes of a certain size with a wanted resource of 5 tonnes of cardboard.
Wherever possible, material is quantified within eSymbiosis in terms of tonnes/kilogrammes or
m3/litres. If resources cannot, or should not, be quantified in this way – if a cardboard box is
suitable for use by another member as a box, rather than as cardboard for recycling, for
example - they are described in terms of the number of ‘items’. This is not precise enough to
enable definite matches to be established, but will still enable potential matches to be reported
as long as the report parameters include this option.
Quantities of resources are not the only important parameters within the system: pattern and
timing of availability are crucial to the eventual success (or otherwise) of a synergy. As an
example, member company 1 may wish to utilise 10 tonnes of plastic over a period of three
months beginning on 1 October 2011. If member company 2 has 10 tonnes of plastic available
over a period of six months beginning on 20 December 2011, then this resource will not meet
company 1’s needs.
Similarly, if member company A has 100 tonnes/week of food waste available from a batch
process, member company B (which needs 10 tonnes of food waste per day continuously for its
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anaerobic digestion plant) may not be able to utilise the available material from company A
unless it has available storage capacity.
This capability has been shown to be key to the ability to generate appropriate matches that
lead to real IS outcomes. It also enables certain types of network members to plan IS activity
with some certainty over a period of time that leads to operational certainty and associated
efficiencies and economies. The capture of temporal parameters is therefore an integral part of
the eSymbiosis platform.
5.4 Models – Ontology Engineering
All the company and resource information will be captured by the domain ontology, which will be
the “backbone” of the registration process. The core information that is necessary to support the
IS network’s activity will be incorporated in our models, either as data properties or object
properties.
In most of the cases, the properties will be data properties, that is, properties used to assign
values to the concepts of the ontology. An example of the Resource concept is depicted in the
following figure.

Figure 2: Resource concept
The name of the properties will not be visible by the user. Instead, we use labels in order to
differentiate the views for different types of users and also allow multilingual modelling.
From a knowledge modelling perspective the resource is again a core concept of IS network
activity, and the concept against which the matching process is performed. Members of the
network will categorise the resources they require and/or have available, and this in turn will
lead to them being classified either as a ‘producer’ (by their ability to offer resources) or a
‘solution provider’ (by their ability to receive resources or combinations of resources).

- 16 -

Parameters
* Resource

Output

* Technology
* Waste (Resource)

* By-Product
(Resource)

Other Input

Figure 3: Representation of the solution concept

So at this stage, the process of the provided solutions is considered, by the knowledge
engineers, as a “black box” and the focus is on creating a model that takes into consideration
the input, output, product, by-product, waste and parameters of the described solution. Figure 3
above is a representation of the solution concept. An important aspect of the solutions design is
the fact that each solution should be designed in a way that allows the possibility of a ‘many to
many’ relationship between inputs and the outputs (different inputs give different outputs).
The model must also take account that applying different physical parameters (temperature,
humidity, duration) to resources may lead to different potential relationships being made
available.

Figure 4 below depicts the conceptual design of the knowledge models (ontologies) for
eSymbiosis. There are four levels of abstraction (Meta level, Upper level, Domain level and
Application level). The main part of the project is the domain and the application level where the
main concepts of Industrial Symbiosis practice are defined. The other two levels are used for a
more robust design and can help in the design and matching processes. They can also help in
making these ontologies easier to be reused.
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Plastic
Processing
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Processing
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Paper
Processing
Technology

Metal
Expertise

Other

hasInput/hasOutput
has-a

Service

Grounding

Application
Specific Ontologies

Process

Service Profile

Figure 4: conceptual design of the ontologies for eSymbiosis

The structure of the models is based on the 3 core concepts of IS practice (User, Resource and
Technology/Solution). In order to be able to go into more detail about the resources and the
results of a symbiosis opportunity, these concepts need to be further expanded and the
properties need to be enhanced in order to represent all the necessary information regarding IS
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practice. For that reason, the 3 concepts are further analysed at the domain level. At this level
we have different types of users (Practitioner, Solution Provider, Waste Producer), resources
(Material, Energy, Expertise) and solutions (Plastic processing solutions, Metal processing
solutions etc.). The first ontology drafts that have been developed represent this level.
Besides the core industrial symbiosis concepts, we need to include concepts such as the
industrial activity (based on NACE or SIC) in order to facilitate the extraction of new knowledge.
That is, relate materials with industrial sectors and give the user the capability to explore new
markets for her resource. An example of that is that a user that has to offer polyethylene foam
will become aware of the fact that this resource can be used by manufacturers of toys,
household and kitchenware, cable insulation, carrier bags, food wrapping material and others.
On the same note, we can assume that a manufacturer of those products could use
polyethylene waste even if she is not aware of that.
Besides these basic concepts of the system, more detailed concepts need to be in place in
order to create functional models. The resource concept for example needs to be analysed. The
resources taken into account are Materials, Energy and Expertise. These must also be analysed
in detail. One example is the plastic concept which is analysed as follows (British Plastic
Federation):
1) Thermoplastics
1.1 Acrylonitrile Butadiene Styrene (ABS) and Other Specialist Styrenics
1.2 Aramids PI Aromatic Polyamide
1.3 Cellulosics CA, CAB, CAP, CN
1.4 Ethylene Vinyl Acetate EVA
1.5 Expanded Polypropylene (EPP)
1.6 Fluoroplastics PTFE FEP
1.7 Nylons (Polyamides) PA
1.8 PEEK™ (Polyaryletheretherketone)
1.9 Polybutene-1 (PB-1)
1.10 Polycarbonate PC
1.11 Polyacetals POM
1.12 Polyesters (Thermoplastic) PETP, PBT, PET
1.13 Polyethylene (High Density) HDPE
1.14 Polyethylene (Low Density) LDPE, LLDPE
1.15 Polypropylene PP
1.16 Polyphenylene Oxide PPO
1.17 Polyphenylene Sulphide PPS
1.18 Polymethylpentene PMP
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1.19 Polystyrene (General Purpose) GPPS
1.20 Polystyrene (High Impact) HIPS
1.21 Polyvinyl Chloride PVC
1.22 Styrene Acrylonitrile (SAN) & Acrylonitrile Styrene Acrylate (ASA)
1.23 Thermoplastic Elastomers TPE, TPR
2) Thermosets
2.1 Allylics DAP, DAIP, ADC
2.2 Alkyds AMC
2.3 Epoxies EP
2.4 Furan
2.5 Melamines/Ure (Aminos) MF, UF
2.6 Phenolics PF
2.7 Polyurethane cast elastomers (EP)
2.8 Unsaturated Polyester UP
2.9 Vinyl Esters
Besides the purely chemical classification we are also developing one based on products so
that the user can classify a resource based on the product it derived from or the industrial
process that produced it. Existing classifications such as EWC, EWC STAT and NACE are
taken into account.
In terms of the knowledge models the workflow can be described by the following use case
scenario. This scenario includes the navigation of the user based on the ontology models during
the registration process as well as the creation of a user service description which will be used
for the matching process.

- 20 -

Figure 5: Ontology Navigation Use Case: “New Member”
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Figure 5: eSymbiosis Ontology Navigation Use Case: “New Member”
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Step 1
The navigation for the new member (Appendix 4) starts from the concept User. The properties
of this concept will be addressed when the instance of the user is created (Step 2).
Step 2
The user has to classify herself according to the types of users we have included in our
ontology (so far Waste Producer, Solution Provider, Intermediary or Practitioner). Our member
chooses Waste_Producer.
At this point the instance for the user is created and the properties that are related to the User
and Waste Producer concepts are addressed.

Figure 6: Waste Producer concept linked to Resources

These properties are only a crude example and they will be based on the requirements and
classifications.
There are two types of properties in our ontology, the data properties and the object properties.
Data properties take data values (such as strings, integers etc.) while the object properties
provide links between concepts of the ontology and are used for the navigation process. For
example, in Figure 6 (above) we can see the object property canSupply which links the

- 22 -

Waste_Producer with the Resource (The waste producer can supply some resource). This
property is used for the navigation and leads to the next step (Resource concept).
Steps 3 to 6
Through the object property mentioned in the previous step (canSupply) the user is navigated to
classify the resources she has available. The properties of these concepts are not addressed
until the instance for each resource is created. This takes place in step 6 where the user
reaches the final level of abstraction. At this stage the user has to give the following information.

Figure 7: User linked to resources (canSupply)

Note that the ontology interpreter will be able to choose which properties will appear to each
type of user and also the label that will appear to each type of user for the same property.
The hasQuantity property of the Resource concept, for example, has a different meaning for the
waste producer and the solution provider. At this moment, we consider that the distinction can
be made by using "different" languages in the annotation property rdfs:label as demonstrated
below.
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Figure 8: Recording quantities of resources

The navigation can continue to other concepts that are linked to the resource concept such as
the Quantity Type and the Unit of Measure.
As suggested in the use cases included at Appendix 4, the system should prompt the user to
consider whether they can offer anything else such as expertise, energy, water etc. which
actually means to reiterate the process (red dashed arrows in the first figure).
Service Description Ontology
Once the instances of the user and its resources have been completed it is time to create the
service description ontology instance for the user. That is the information that will be used for
match making. In more detail, following the above example, the following information will be
used in the service description ontology.
The type of the user will be used in the service category concept that will be used as a first level
elimination criterion.
Category name

Concept in
Domain
Ontology
(URI)

Waste Producer

Service Category

Figure 9: Categorisation of user type

Other similar criteria might be the region (Service Location) and the SIC code of the industry
(Industry Type). The next step is the classification of the resource on offer. When the instance of
the resource is created the following information will be passed to the service description
ontology.
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The available
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Float
Value

Service
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Profile
Quantity
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Literal
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Continuous

literal

Fixed values (Up to
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months, 6-12
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PatternOfSuppy

Time availability

Process:Parameter

NatureOfNeed

QuantityType

literal

Concept in
Domain
Ontology
(URI)

Fixed Values (Ongoing, One-off
Service, Short Term)

The physical form
of the resource
(Solid for the case
of plastic)

ServiceLocation

The region of the
site

IndustryType

The NACE Code of
the Company

Service Parameter

Figure 10: Resource classification
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6. IS Network Workflows and Metrics
6.1 Workflow models – typical stages
Key, common stages within the overall workflow of IS engagement are:- Member recruitment
In addition to the acquisition of new network members due to general awareness and
engagement effort, an IS Practitioner may specifically look for potential member companies
because their processes or resources add benefit to an existing profile: so a resource may
potentially be utilised if there is a member company from a specific SIC code in a particular
geographical area.

If there is not currently a member fitting the specific requirements, a

Practitioner may actively search for and recruit an appropriate new member
- Characterisation of Resources
Perhaps the most crucial stage of the workflow, without this, none of the rest can follow. At
present, much of the success of resource characterisation is often seen to rely on the
intervention and support of expert IS Practitioners to capture the detail of the resources
available and, where the system cannot record the complexities of certain resources, to
understand, remember and apply this detailed knowledge to support results generated by the
database.
- Synergy Identification
Simplistic synergy opportunities can be presented to network members with no expert
intervention, for them to investigate and develop as they feel is appropriate. In more complex
networks where there is an underlying need to generate more complex or challenging
outcomes, an IS Practitioner’s expertise and experience will in many cases play a significant
part: the understanding of member companies’ processes and requirements can add very
substantial value, as is clearly evidenced in the case studies generated by NISP in the UK.
- Synergy Tracking
 Initial introduction of organisations
 Technical appraisal
This may be a process involving just the member companies, or with support from the
Practitioner. In the case of particularly complex resources or processes, other experts may
be invited to contribute to the technical appraisal (particularly if a need is envisaged for
research and development input)
 Commercial discussions started
- Synergy Reporting (success or failure: prescribed stages)
- Case Study Production
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6.2 Measurement data for metrics
Because of the way they have been funded the collection, management and reporting of robust
and meaningful metrics has been paramount to the success of resource efficiency programmes
in the UK over the last ten years or so. From the outset, these were related to the main drivers
of the funding stakeholders in that they gave a means of measuring the economic,
environmental and social impacts of a resource efficiency activity.
The metrics typically used to measure the performance and activity of IS initiatives are fairly
consistent and are used in a number of ways: some are particularly important at a regional level
– new businesses created may be one example of this - whilst others, such as CO2 reduction,
are a requirement of national funding.

Table 1: Metrics reported

Businesses Assisted

Number

Jobs Created

Number

Jobs Safe Guarded

Number

New Businesses Created

Number

New Businesses Surviving

Number

Training Outcomes

Number

CO2 Reduction

Tonnes

Hazardous Waste Reduction

Tonnes

Material Diverted from Landfill

Tonnes

Water Savings

Tonnes

Virgin Materials

Tonnes

Additional Sales

£

Cost Savings

£

Private Investment

£

More recently there has been further sub-division of metrics applied across the different strands
of resource efficiency in the UK, including Industrial Symbiosis, in order to reflect priority
resource streams such as wood and plastics. However, it is important to consider that the
meaningful collection of any more than a limited range of metrics requires a significant amount
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of support and cannot reasonably be expected from an IS network that is based on the principle
of limited expert support.
The final outcomes generated by completed synergies, whilst key to any programme, represent
the tip of the iceberg. In order to track activity and progress then a range of further ‘soft targets’
that might involve the number of member companies recruited, resources captured, synergies in
progress, level of engagement activity etc. have been used as complimentary measures that
can assist in the management and future direction of an IS network.
External verification of outcomes and metrics was used very successfully by NISP in the UK, as
a means of enhancing the credibility of the programme’s achievements with stakeholders and
increasing the understanding of delivered value amongst the network’s members.

7. Conclusions
In setting the model for eSymbiosis we need to consider what lessons can be learned from the
precedents set by the likes of Kalundborg, the UK-BCSD and NISP in the UK. It is clear that the
strongest IS networks are formed through mutual interest, and that this usually has its basis in
local or regional relationships. It is also clear that eSymbiosis needs to be, as far as possible,
sustained by the activity of the industry actors themselves as the level of facilitation that can (or
arguably should) be applied is limited by funding constraints. eSymbiosis needs to seek to
provide a largely self-driving service that remains focused on facilitating rather than directing the
activities of the network.
The growth of NISP’s data gathering and analysis capability shows the very clear value this can
bring to making well-informed policies and strategies at regional and national level. The use of
an appropriate data structure within the eSymbiosis platform should enable valuable data to be
gathered effectively and with minimal intervention or support.
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APPENDIX 1 – Two-Digit EWC codes

01 Wastes resulting from exploration, mining, quarrying, physical and chemical treatment of
minerals
02 Wastes from agriculture, horticulture, aquaculture, forestry, hunting and fishing, food
preparation and processing
03 Wastes from wood processing and the production of panels and furniture, pulp, paper and
cardboard
04 Wastes from the leather, fur and textile industries
05 Wastes from petroleum refining, natural gas purification and pyrolytic treatment of coal
06 Wastes from inorganic chemical processes
07 Wastes from organic chemical processes
08 Wastes from the manufacture, formulation, supply and use (MFSU) of coatings (paints,
varnishes and vitreous enamels), sealants and printing inks
09 Wastes from photographic industry
10 Wastes from thermal processes
11 Wastes from chemical surface treatment and coating of metals and other materials; nonferrous hydro-metallurgy
12 Wastes from shaping and physical and mechanical surface treatment of metals and
plastics
13 Oil wastes and wastes of liquid fuels (except edible oils, 05 and 12)
14 Waste organic solvents, refrigerants and propellants (except 07 and 08)
15 Waste packaging; absorbents, wiping cloths, filter materials and protective clothing not
otherwise specified
16 Wastes not otherwise specified in the list
17 Construction and demolition wastes (including excavated soil from contaminated sites)
18 Wastes from human or animal health care and/or related research (except kitchen and
restaurant wastes not arising from immediate health care)
19 Wastes from waste management facilities, off-site waste water treatment plants and the
preparation of water intended for human consumption and water for industrial use
20

Municipal wastes (household waste and similar commercial, industrial and institutional
wastes) including separately collected fractions
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APPENDIX 2: Information collection requirements
1. Feedstock
2. Energy
3. Water
4. Capacity
5. Expertise
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A2.1 INFORMATION COLLECTION: FEEDSTOCK
1. General Context
Issues that must be considered:
A. What is the annual cost of this material to the company (and therefore maximum
potential saving achievable if an alternative source is found)?
B. Can a proper trial be carried out with an alternative to this material without undue
cost/risk/bureaucracy?


Could a trial be run with a small batch of the alternative material without contaminating
plant, equipment and stocks of other feedstocks or products?



Can the product made from the alternative material be kept adequately separate from
“normal” product for testing?



Would existing licences, authorisations, permits, etc. allow a trial to be undertaken using
an alternative material or would special permissions and agreements need to be sought
from regulators?



Can an adequate trial run be planned into the production schedule without having a
significant detrimental impact on production to meet customers’ needs?

C. Quality of material supplied


How important is the quality and consistency of this material to the member’s business?



Do they already know how minor variations in its chemical composition or handling

D. Characteristics would affect their processes or would this require further work?


Do they always get the quality that they desire from their current source?



Are they routinely buying a higher or lower quality material than they need to because
that is all that is available?

E. Security/reliability of supply of the material


How important is security and reliability of supply of this material to their business?



How would a late (or cancelled or off-spec) delivery affect their business?

- 31 -



Do they have business contingency or interruption plans in place that would allow them
to cope with interruption in supply?



Can they always get the material delivered when they require it, in the quantities and
qualities they require, as quickly as they need it?



Are they in a long-term or exclusive contract with a supplier that would make it difficult to
change to an alternative? Is this true for 100% of this material or could they buy a
proportion from an alternative supplier?

F.


Confidentiality/competition
Would there be a risk of special knowledge or information getting into the hands of
their competitors if we were to disclose information about this material or find a
substitute?

G. Liability issues


Given the way that this material is stored and handled on site, how serious would minor
variation in composition/handling characteristics be in terms of health and safety issues?



Given the way that this material is used in their process, how serious would a minor
change be in terms of complying with any environmental legislation applicable to their
operation?



Given the way that this material is used in making a final product, how serious

would minor variation in the material be in terms of product liability? Consideration
needs to be given to how the material interacts with other feedstocks as well as the
manufacturing process.
H. Other issues


Is there anything that is particularly key to their industrial sector, local conditions,
company

policy,

contractual

agreements

with

customers,

current

business

circumstances, etc. that would facilitate or preclude the substitution of this material?
2. Specific questions
The system needs to be able to store (and search on) the following specifics:
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A. Quantity of material that is purchased per year


Solid feedstock - kg or tonnes per annum



Liquid feedstock - litres or m3 per annum



Some resources cannot be described sensibly using mass or volume measurements –
such as packaging; product components; paper. Usually, such materials will be difficult
for a member to find directly from someone else’s waste stream. This means that it is
likely that any opportunity for symbiosis will occur by a less direct route (perhaps by
including a intermediate re-processor between two member companies, for example).
The quantity for such resources might be defined as a number of “items” with an option
to include a description of the material and define “item”, eg box/ream/bolt etc.

B. Pattern of supply – how this material stream is used:


Is this material used in the manufacture of a product that the member company makes
all the time, or in campaigns?



Is it a feedstock for a batch or continuous process?



For batch processes, what is the typical batch size and pattern of runs? There may be
more than one option to consider here (eg could the member company use available
pilot-scale capacity to process an alternative feedstock alongside main production
capacity using its “normal” feedstock?)



For a continuous process, does the process operate 24 hours per day, 7 days per week,
52 weeks per year? If not, what is the pattern of production? Is the feedstock used at a
steady rate during operation? If not, what is the average, minimum and peak
requirement?

C. Transport and handling




How the material is currently delivered? Examples might include:
o

in bulk bags

o

in a tanker

o

on a pallet

o

in a tipper

How is it stored once it arrives on site? Eg:
o

hopper

o

bunker
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o

bay

o

open topped tank

o

closed tank

NB – are there any special requirements with respect to the handling and/or storage of this
material?
D. Storage
It is likely that any alternative feedstocks will be delivered to the member company in batches
(unless a match is found very nearby), even if their usage is continuous. It is therefore
necessary to work out what minimum size and frequency of deliveries would meet the member’s
needs and what is the maximum size and frequency of deliveries they could safely
accommodate on site:


How much storage capacity is available for this material?
o

Given their particular pattern of usage (see above):


o

What is the maximum delivery size that they can accommodate?

What is the minimum frequency of delivery that would provide the member
company with the continuity of supply they need?

o

Does this delivery frequency need to be flexible to allow for variation in their
production schedule?

E. Attributes – constituent


Chemical composition (if necessary for the member’s process/es)



Specification - NB the material that the member already buys may not be identical to
what they would like to source through eSymbiosis:
o

they may regularly buy a product that is of a higher specification than is actually
needed because it is the only product available that has the characteristics they
require

o

they may regularly buy a product for which the “non-active” ingredients could be
changed without affecting their process

o

they may regularly buy a product that is of a lower specification than they would
ideally use
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NB: It is vital that a well-informed assessment is made of the product quality/liability/health,
safety and environmental implications of using a feedstock that has a different specification from
that which the member company is currently using. This is something that the system should
not be expected to provide, but we should probably issue some sort of caveat to cover
ourselves!
F.

Attributes–physical: Examples include (but may not be limited to)



solid



liquid



powder – this will also need to include minimum, maximum or average particle size or
particle size distribution, if this is important to the member’s particular process



flake



emulsion



slurry



solution

Again, feedstocks with slightly different physical attributes from the current specification may be
suitable, but the same caveat should be applied.
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A2.2 INFORMATION COLLECTION: ENERGY
1. General Context
The issues set out here are considered from the perspective of a member company looking to
offer energy to other members, but will also apply to a member looking to source energy from
other members. The issues to be considered are:
A. ‘Energy’ could be any of the following:


heat in any discharge from the member company’s operation



heated waste water or hot air



heat in any material that requires cooling before disposal



energy properties of any material output e.g. wood for burning



refrigeration equipment spare capacity

NB: eSymbiosis believes that we should encourage members to investigate opportunities for
minimising their energy use (in line with the energy hierarchy – a more sustainable approach)
before they offer or look for energy through eSymbiosis
B. The system needs to be able to record:


What temperature range does the discharge/waste water/hot air/material occur at?



What is the flow-rate and over what time periods does it normally occur?



What is the material, if relevant?



Is the discharge/material contaminated, or does it have any corrosive or other
problematic properties?

C. Other issues to be taken into account include:




Health and Safety issues
o

Are there any additional hazards which may be introduced by using the

o

Energy Available?

o

Can these be adequately controlled?

o

Might any benefits arise from the use of the Energy Available?

Environmental issues

- 36 -

o

Might additional environmental impacts result?

o

Might environmental benefits result?

o

Might any environmental permits be affected by another company’s use of the
energy?

D. Confidentiality
o

Is there a risk of commercially confidential knowledge being released
to competitors?

E. Product liability/quality issues
o

Are there any problems that might arise (for either party) if contamination
occurred from use of the energy?

F.

Other issues - Is there anything that would facilitate or preclude the use of the energy in
relation to the member’s
o

industrial sector

o

local conditions

o

company policy

2. Specific questions
A. Type of energy
It should be possible to offer this as a drop-down choice - the most frequent forms are
likely to be:


Heat (including hot water)



Cooling



Fuel gas



Solid fuel



Liquid fuel



Electricity

B.

Physical Form

The form in which the member is able to transfer energy to a potential user. This might be:
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A flow rate of hot water (volume per hour/temperature (and temperature range, if
applicable)/pressure)



An amount/flow rate of solid or liquid fuel



Quantity - entered in energy units, and whether known or calculated



Pattern of availability

The energy available may arise at different times of the day/week/month/year. This should be
identified in as much detail as possible.
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A2.3 INFORMATION COLLECTION: WATER
1. General Context
The issues set out here are considered from the perspective of a member company looking to
offer water to other members, but will also apply to a member looking to source water from other
members.
NB: eSymbiosis believes that we should encourage members to look carefully into minimising
their water use before they offer ‘spare’ water or try to source water through eSymbiosis
The issues to be considered include:
A. The nature of the member’s current supply. They may be using water from more than
one source :


potable mains water



water abstracted from a surface water source (river/stream/canal) or
borehole



water harvested from roof or surface water run-off



water from a bunded area

Water from any of these sources may be suitable for use by another business in the condition
that it is received, or may need further treatment before it is used. This will depend on the
quality requirements of the process for which the water is to be used.
B. Water usage
What is the water currently used for? Typical activities might include:


Cooling



Processing



Cleaning



Process heating (using steam)



Sanitary uses
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C. Location – including neighbouring businesses
D. Quantity of water available – volume in m3/hour or day
E. Other issues to be taken into account include:


Health and Safety issues
o

Are there any additional hazards which may be introduced by supplying another
business with ‘spare’ water?



o

Can these be adequately controlled?

o

Might any benefits arise from the supplying water elsewhere?

Environmental issues
o

Might additional environmental impacts result?

o

Might environmental benefits result?

o

Might any environmental permits be affected by the supplying water to other
businesses?



Confidentiality
o

Is there a risk of commercially confidential knowledge being released to
competitors?



Product liability/quality issues
o

Are there any problems that might arise (for either party) if contamination
occurred from the use of an alternative water source?



Other issues - Is there anything that would facilitate or preclude the supply of water to
others, in relation to the member’s
o

industrial sector

o

local conditions

o

company policy
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A2.4 INFORMATION COLLECTION: CAPACITY AVAILABLE
1. General Context
A. Description of type of capacity
This will probably need to be a text entry, as there will be so much variation in members’
processes
B. Location


Site details (NB - the spare capacity may be available elsewhere).



Precise location of the spare capacity as this is most likely to have a bearing on its
possible use by another member - for example, the location should ideally be identified
to a place on the site rather than just to the site as a whole

C. Quantity


Areas, volumes or tonnages of capacity



If a production rate is available this should be given as an amount per amount of time,
eg capacity to produce x tonnes per day of product y.

D. Pattern of availability


Seasonal - available capacity at different times of the year needs to be captured



Continuous - capacity available on a daily/weekly basis.

These factors will be very important to any user so a full description will be needed
E. Restrictions
Although it is necessary to capture any restrictions that will definitely apply, it could reduce the
likelihood of matches if member companies are too specific about restrictions too early.
Examples of restrictions might include:


Size of vehicles accessing the site



Substances that the business would not allow onto their site



Health and safety issues for possible uses of spare capacity
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Environmental liabilities for possible uses of spare capacity



Confidentiality issues



Product liability/quality issues if cross contamination occurred from the use of spare
capacity
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A2.5 INFORMATION COLLECTION: EXPERTISE
1. General Context
The issues to be considered are as follows:
A. Expertise required
This will include:


Professional services (such as specialist consultancy, IT support, training) purchased by
a member company, which they might be able to obtain from an alternative source



Access to expertise from membership organisations or trade associations



Expertise purchased in the form of information or documentation (examples might
include databases or technical libraries)

NB: Members need to be reminded that terms of membership of any groups, terms of use of
data provision services, copyright law and data protection law must all be taken into account
when considering the sharing of these types of expertise
B. Information to be collected:


Nature of the expertise/service/skills required – this could probably be at least filtered by
drop-down menus





Used by
o

whole company

o

department

o

specific role

o

individual

Cost of current provision (if there is one – the identified need may be for a new
project/activity; if so, this should be identified too)



Current provider (again, if there is one)



Nature of the need
o

ongoing

o

one-off service

o

short term contract
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Timescales
o

when is the resource available

o

for how long (in the case of a one-off or short-term arrangement)

C. Expertise available
Very often not considered by member companies, especially small businesses, but potentially a
valuable opportunity (saving jobs, for example):
o

In larger companies, expertise may be available within functions classed as part
of overhead costs (such as IT, HR, training, etc)

o

It should be feasible to produce a drop-down menu for this.

D. Information to be collected:
o

Nature of the expertise/service/skills available – this could probably be at least
filtered by drop-down menus

o

o

Nature of the available resource


ongoing



one-off service



short term contract

Timescales


when is the resource available



for how long (in the case of a one-off or short-term arrangement)

E. The implications for a member company of providing expertise need to be considered,
along with an assessment of how difficult it might be to provide the expertise: the level of
difficulty can be a simple scale at this stage, as details would be explored at a later stage
in the synergy process (either Discussion or Negotiation). Complications might include:
o

Commercial confidentiality

o

Business development issues

o

Liability insurance requirements
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APPENDIX 3 NISP Case Studies – IS Best Practice Success Stories
The ability to generate and publish information about IS and other resource efficiency activity
has been greatly enhanced by the rapid growth in internet use over the last five years. Many
initiatives and programmes use their internet presence as a means of engaging with potential
members, providing access to web-based services and reporting achievements.
The extensive use of technology to support NISP in the UK enables it to publish regular case
studies about completed synergies, that demonstrate areas of particular expertise or technical
best practice and serve to generate interest in IS amongst potential new members of the
programme. We have included the text from a selection of these publicly available case studies
below, in order to illustrate how IS activity can be presented in a way that demonstrates the
value of the network.

A. Plasterboard Recycling
ORGANISATIONS INVOLVED
Roy Hatfield Ltd
Lindum Waste Recovery
SUMMARY
In July 2005 the disposal of gypsum became subject to new environmental legislation requiring
that it be separated into confinement cells when sent to landfill.
Skipped segregated plasterboard
BACKGROUND
Roy Hatfield has been recycling wastes for over 35 years and now currently recycles over
150,000 tonnes of various industrial wastes converting them into “Alterative Raw Materials”
(ARMs) for reuse back into specific industrial applications. As part of their R&D recycling
programme have develop a specialised process for the complete recycling of gypsum including
new and used plasterboard.
Lindum Waste Recovery recycle 2000 tpa of plasterboard that is sent for composting. However
the composting could not sustain this volume or cost for an indefinite period. Lindum adjusted
the disposal cost to local builders and developers to limit the amount of Plasterboard that the
recycling station would receive this also included the foil-and foam backed plasterboard.
NISP Yorkshire and Humber facilitated a meeting between the two companies to their mutual
benefit allowing Lindum Waste Recovery to accept all the used plasterboard and plaster within
the Lincoln region by adopting a pricing policy to divert this waste stream from landfill. Hatfield
now have a partnership that has a sustainable supply of clean segregated plaster that can be
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fully recycled into products and other speciality markets that have been developed by Hatfield
as part of their sustainable recycling of gypsum.
ACHIEVEMENTS
 5000 tonnes of plaster/gypsum waste diverted from landfill
 New innovative products and transferable applications used in the construction industry
 Cost saving for both companies via a long term partnership
 Cost effective to achieve regulatory compliance
 Best practice for the recycling of plasterboard and gypsum in the UK
 2,500 tonne reduction in CO2

B. GWE Biogas Leads The Field
“NISP has helped us provide a lower cost alternative to landfill for businesses with organic
waste so they save money and ensures that waste products are made the best use of by
generating electricity”.
THE CHALLENGE
Studies by DEFRA, WRAP and others have demonstrated that a significant volume of food
waste is going to landfill which could be used to generate electricity. Packaged food waste from
manufacturers and retailers has been especially problematic, given the different sizes and
formats of packaging.
Food waste in landfill breaks down to produce methane which is over 20 times more potent than
CO2 as a greenhouse gas.
THE SOLUTION
GWE Biogas Ltd have designed and constructed an anaerobic digestion facility on the outskirts
of Driffield, East Yorkshire, to produce green electricity from 50,000 tonnes of food waste
received on site each year via local authorities, food producers, manufacturers and
supermarkets. This 2MW plant will produce sufficient electricity to supply full power to more than
2,000 homes or light 15,000 houses locally.
In addition, state-of-the-art equipment employed by GWE Biogas will innovatively de-package
foodstuffs (including Animal By-Products), recycling the redundant materials and extracting
organic material for processing that would otherwise have gone to landfill.
The by-product of the process is a safe, odorless bio-fertilizer which will be used on the
company’s associated farmland.
RESULTS
• 50,000 tonnes of food waste recycled, resulting in digestate fertiliser which reduces the need
for chemical imports
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• 28,340 tonnes of CO2 (equivalent) saved
• 15 jobs created
• 2MW electricity generated
COMPANY BACKGROUND
GWE Biogas Ltd is a privately-owned company formed by Tom Megginson and Mathew Girking
in early 2008 with the aim of developing a farm-based Anaerobic Digestion plant designed to
utilise food waste.
In 2009 the company successfully bid for funding from the Environmental Transformation Fund
(ETF) and was successful in being chosen as Demonstration Unit to showcase the benefits of
this technology.
Recognising the UK opportunities and levels of expertise required to develop an anaerobic
digestion facility, the Directors of GWE Biogas have formed a sister-company in conjunction
with German AD partners, called Natural Engineering Solutions GmbH (NES) in order to provide
engineering and commissioning services to farmers and developers.
NISP INTERVENTION
NISP have provided support and information to GWE Biogas since their first explorations in
2008, raising their awareness of the availability and nature of food waste across the region. A
number of direct introductions have also taken place, both with food producers and waste
management companies in the region as well as identifying opportunities for the recovered
packaging materials.

NISP national focus has led to introductions to UK-wide logistics companies as well as the
regional players in a region with a strong focus on food manufacturing. NISP continues to
support the success of GWE Biogas by raising their profile with any company needing a solution
to their food waste problems.

C. Nothing Wasted At RCM Recycling
“NISP has created many opportunities for RCM Recycling to provide businesses with positive
solutions to their waste issues, maximising landfill diversion and minimising disposal costs for
our customers."
THE CHALLENGE
Companies increasingly expect their waste management partners to be actively seeking
alternatives to landfill on their behalf for all waste materials, not only the straightforward
resources such as cardboard, glass and clean plastic. Finding viable outlets, however, is not
always straightforward for more difficult materials, and a perception exists that problematic
items such as mattresses, food-contaminated plastics and tyres cannot be recycled.
THE SOLUTION
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RCM Recycling in Grimsby focuses on recovering and recycling as much as possible, with
landfill considered as a last resort rather than the first option. RCM Recycling have established
routes for typical industrial wastes such as packaging, but also specialise in working with their
clients in a facility management capacity to improve the segregation and compaction of
materials at source and therefore significantly improve recycling success.
Their background of working extensively with food companies has provided expertise in
diverting food waste from landfill. In ongoing consultation with NISP, RCM Recycling continue to
broaden their range of outlets, turning waste into resource, demonstrating Industrial Symbiosis
in action.
RESULTS
• With the assistance of NISP, RCM Recycling were able to find recycling routes for:
- 100 tonnes of dirty plastics
- 14 tonnes of tires
- 7 tonnes of mattresses
• CO2 saved amounted to over 1,000 tonnes
COMPANY BACKGROUND
RCM Recycling is a new company with a management team that brings over 30 years of
experience of recycling and waste management.
Offering a comprehensive waste management service, RCM Recycling have a strong heritage
of working positively with the food & drink sector, particularly in Grimsby which is still considered
to be “Europe’s Food Town”.
RCM Recycling can also provide equipment such as balers, compactors, can crushers and
skimmers which increase the commercial viability of recovery of materials. They are also able to
assist companies seeking to reduce their refrigeration energy costs.
NISP INTERVENTION
NISP has built up a solid relationship with the Management of RCM Recycling over a number of
years, and have collectively explored over 50 opportunities regarding materials as diverse as
carpets, canteen waste, rubber, foiled laminates, wood, fats, automotive plastics and fish boxes.
The strong ethos of RCM Recycling to maximise landfill diversion means that their relationship
with NISP and the ability to interface with a network of over 13,000 NISP members
complements their activities and they are keen to engage with any industrial company wishing
to reduce their escalating landfill costs.

D. A New Home For Foam
Organisations involved: Dunlop Oil And Marine Ltd, North Lincs Manufacturer of Toys and
Teddies
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The foam was bulky and a significant problem to us. Thanks to NISP, this synergy has reduced
the time needed to compact our waste and also saved on disposal costs. We now have a
sustainable outlet for this material and are delighted to think of it being used as a feedstock
rather than going to landfill.
Grimsby company, Dunlop Oil And Marine Ltd, design and manufacture hoses for the oil, gas,
petrochemical and dredging industries, for both onshore and offshore operations. Buoyancy is
added to certain hoses by layering them with polyethylene foam. Clean offcuts of this light foam
accumulate as a result of this process and these were previously disposed of in the general
waste, adding disproportionately to waste management costs because of its light weight but
bulky volume.
Dunlop Oil And Marine approached NISP Yorkshire And Humber to see if any companies in the
area could utilise this material.
The Solution
NISP Yorkshire And Humber have been working with a North Lincolnshire manufacturer of toys
and teddies for a number of years and recognised the potential of this foam as a suitable
stuffing once shredded. This company is a soft toy manufacturer and wholesaler, assembling
teddy bears for fairgrounds and theme parks.
Trials of the foam were successful and now a commercial relationship exists between the two
companies, whereby the clean foam has a sustainable outlet, bringing significant reduction to
the volume of waste disposed of by Dunlop Oil And Marine.
The Results
CO2 Reduction: 26 tonnes
Cost Savings: £100
Landfill Diverted: 2 tonnes
Virgin Materials: 2 tonnes
Skip Volume Saved: 200m3

E. A Solution For Treated Timber
Organisations involved: Hamon UK Ltd, Native Island Limited
The Challenge
Since the introduction of the new Landfill Directive regulations some treated timber products
have become hazardous and must be disposed of correctly and safely. Thanks to NISP and one
of our principle partners we have cracked this problem
The Results
· Hazardous Waste: 600
· Additional Sales: £5,500,000
· Cost Savings: £300,000
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· Jobs Created: 19
· Jobs Safe Guarded: 20
· Private Investment: £250,000
CCA treatment of timber was developed in the 1950s as a very effective preservative for timbers
where an exceptionally high resistance to insect and fungal attack was required, for example
telegraph poles, motorway fencing, timber decking and cooling towers. At end of life, generally
after at least 40 years in service, this material was historically landfilled. Following recent
changes in the regulations it is now classified as hazardous waste, because of its high levels of
residual arsenic and chromium, but cannot be disposed of in hazardous landfill because of its
high carbon content.
Hamon UK are one of the country’s leading dismantlers and refurbishers of cooling towers, and
following the introduction of these changes to the regulations approached NISP for assistance.
The Solution
NISP Yorkshire and Humber member Native Island Ltd, together with their technical partners
CSG Lanstar, has developed a chemical remediation technology for the treatment of CopperChrome-Arsenic treated timber which renders it safe and suitable for non-hazardous landfill.
This technology meets all Environment Agency requirements, and is both more environmentally
appropriate and cheaper than the only currently commercial alternative of hazardous
incineration.
Following the approach from Hamon UK (and others) NISP Yorkshire and Humber set about
trying to find a solution, and eventually identified Native Island Ltd with their chemical
remediation technology. NISP arranged the necessary introductions and Native Island Ltd’s
contractors are now processing CCA-treated timber from the project site at their facility in the
North West of England. At present the cleaned timber is being sent to non-hazardous landfill,
but the process is being developed to allow recycling of the recovered wood.

.
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APPENDIX 4 – eSymbiosis Use Cases; Stories of the Everyday
In the following, a number of Use Case Scenarios follow. These scenarios are intentionally
written in a highly descriptive story telling mode, i.e. not a formal Use Case Description
formalism, as their purpose is twofold, first to reveal the day-to-day IS life events, and
secondly to be used during dissemination to a wide audience involving people coming from
different interests and backgrounds.
Use Case Scenario: New Member
The Environmental Manager of Company A has heard about eSymbiosis at the launch event
and wants to join the project, listing his company’s ‘Haves’ and ‘Wants’ on the system.
He locates the website and decides to register as a member before doing anything else.
The system asks him for the company and the site address (if different), and the company’s
SIC code.
He enters his own contact details. The system requests whether there are any other contacts
he would like to add during this stage.
eSymbiosis will require all necessary information to identify whether this is a ‘Member’ or an
‘Advanced Member’.
He then moves on to enter details of the resources that the company has available [the
details required are described in the ‘Information collection’ description (Appendix 2).
He completes the details in full for each resource available; once each entry is complete, the
system asks whether he would like to add another resource.
The system prompts him to consider whether there might be expertise available within the
company that could be offered elsewhere, and he decides to investigate this further and
enter details later [the system will store this and ask him again when he next logs in].
He is also prompted to enter details of water and energy available.
The system asks him next whether there is spare processing capacity available [for the
details that are needed see ‘Information collection’ documentation (Appendix 2), and finally
asks whether there are any other opportunities such as transport, storage, etc which another
member might be able to utilise [these are generally less reaily available, so might just be in
the form of a drop-down list to select from at this stage – details to be added if the answer is
‘Yes’].
Again (for each of these resource types) when he has entered all the necessary details for
each resource, the system asks whether he would like to add more resources of each type.
The next stage is to list any resources that the company might want [details as per the
‘Information collection’ sheets].
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Once he has entered the details of all current ‘Haves’ and ‘Wants’, the system produces a list
of his data entry automatically, and gives him the option to save or print it [it could
alternatively be emailed, in which case the system needs to tell him that this will happen].
The system also tells him who is the Practitioner responsible for his geographical area.
The system produces a report for him showing any potential matches with resources that are
already logged on the system [this might need to be that he is told the first match report will
be emailed to him, depending on the system’s operational speed].
He is also told that he will receive email alerts for any potential matches as and when they
appear in future, and is invited to enter details of any other ‘areas of interest’ that the
company might
have – the system will alert him if any relevant case studies, research or news items [or
possibly other things too – these can always be added in!] appear.
He logs out at this stage, and waits to receive details of possible matches.
Use Case Scenario: Existing Member
The Managing Director of Company B, which is already a member of eSymbiosis, decides
that he will log in to the system to look for particular information that would be useful for the
development of his business plan.
He logs in and chooses to go straight to the ‘Reports’ section of the website.
He is asked which criteria he would like his report to begin with, and chooses a specific
resource, with ‘geographical area’ as the next criterion - he enters, for this, a distance of
25km far from his company’s location.
He then asks for the report to consider companies of a certain size, within specific SIC
codes, with resources on the system over a particular time period.
The system produces the report and gives him the option to save or print it, or to have it
emailed to the address he has stored on the system.
He then moves on to look at case studies and potential matches covering materials that the
company may need if he decides to develop a particular new product line.
He enters the details of the materials he is interested in, and the system shows him five case
studies that may be relevant to his search.
He decides to print out all five.
He then enters details on the system of the resources that he may need [details on the
‘Information collection’ sheets] and the system produces a match report for him which shows
a number of potential opportunities within the geographical area he has specified.
He then decides to amend the search criteria to obtain a report covering a wider area than
that originally specified, so he can consider a wider choice of options.
He prints the reports and updates the resources that his company has recorded on the
system.
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He adds two more resources that the company has available, and one more that the
company would like to source.
The system informs him that there are two potential matches for these resources, and he
reviews and prints out the report.
He decides that he would like to follow up both of these potential matches, and selects the
option to notify the Practitioner for his area.
The system informs him that an email has been sent to the Practitioner, and that she will
contact him within the next working day to arrange the next steps.

Use Case Scenario: Guest
A Process Engineer from Company C has heard about eSymbiosis through a press article
and has decided that he wants to learn more about how the project might help his company.
He finds the website and looks first for information about industrial symbiosis, as he feels that
he needs a clearer picture of what it means.
He looks for case studies that could be relevant to his company, carrying out searches for
businesses with the same SIC code, as well as for some of the materials that he knows his
company has difficulty in disposing of cost-effectively.
He is pleased to find a number of case studies that outline options he hadn’t previously
considered for his own company, and prints out the documents.
He next goes to the news part of the site, and decides that he will register as a guest so that
he can sign up for certain alerts.
The system asks him for his company details, and details of his role within the company as
well as his contact details. He chooses the areas of interest that he would like to receive
alerts about.
He looks next at what results the project has achieved so far, both in his own area and
across the project as a whole.
He explores the capability of the search facility in drilling down to very fine detail, and is also
pleased to note that despite the level of detail he is able to obtain, the confidentiality of the
businesses involved is still maintained.
As a result of this, he looks at the project’s Confidentiality Charter to see what this would
mean for his business if the company became a member.
He sees an item in the news section about a cross-sector workshop which is to be held in his
area in the next few weeks, and decides to register to attend it. He completes the online
registration form, and the system produces an information pack for him to read and consider
before the event.
He is well pleased with his investigations and decides to discuss with his manager the
benefits of the company joining the project.
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Use Case Scenario: Practitioner
Practitioner D has 75 companies registered within this area. She has particular expertise in
plastics.
She logs on to the system on Monday morning to review the current status of her area and
subject expertise.
She is informed that there are potential new matches on the system, as a result of new
members registering over the weekend, and potential matches involving her subject
expertise across the project as a whole.
The potential matches in her area need no intervention from her at this stage, but the report
shows her that existing matches which were developing into synergies (at Discussion and at
Negotiation stage) have now been flagged as having met a barrier.
She investigates this further, and finds that in one case the barrier is legislative, whilst in the
other it is financial.
She notes that there is potential for her to intervene to try to move the first match forward (by
contacting the environmental regulators, in the first place) and notifies the companies
involved, via the system email, that she is happy to become involved if they would like her
support.
In the case of the second barrier, there is no potential for intervention and so she simply files
the report.
She has received an automated email from the system informing her that there are questions
from members that she needs to deal with, so she goes to this area next.
She finds a query about a new process in her subject area which she needs to research
further before responding in detail, so she sends a holding response to the member asking,
promising to contact him/her again within short.
There are new standard case studies to be reviewed, which she is able to do quickly – there
are no amendments to be made – before she allows the system to release them to the
members involved and then posts them on the system for others to access.
She also completes a detailed case study which she had begun a few days earlier
(developed from one of the standard case studies in her area of expertise) and again
instructs the system to send it to the members, this time with a covering email from her
asking them to confirm that they are happy for it to be made available on the system.
Next, she goes to the management reports part of the system to prepare the monthly report
for her area.
She asks for details of number of synergies under way and complete; number and profile of
new members and active current members; contribution to project metrics; and progress
towards delivery of her annual business plan.
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From this data she is able to compile and illustrate the text part of her report - analysing
trends, commenting on particularly interesting synergies and outlining her next month’s
planned activity.
Finally, before leaving for an off-site meeting, she updates her expertise profile – she has
been working with a group of member companies to support the development of a new
amendment to a standard process which enables a particular type of post-consumer waste
plastic

to

be

incorporated.
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APPENDIX 5 – eSymbiosis Material Categories Index
Lexicon of Terms for Relevant eSymbiosis Material Categories for Matching.
6F5 aggregate
Abrasive slurry; Garnet + Olivine
ABS cases from dismantled WEEE
Absorbents (granular )
Accelerated carbonation technology
Acetal
Acid and Copper
Adhesives for bonding plastics
Aggregates
Aggregates and Road-stone materials
Aggregates for asphalt
Alternative Aggregates
Alternative Brick Formulations
Alternative Fillers
Alternative Source of Ballast
Alternative to limestone; magnesium carb.
Alternative to polystyrene chips for packaging
Alumina byproducts
Aluminas Silicas
Analysis of nickel and nickel oxide in dusts
APC residue (Ash from incineration)
Arc Furnace Dust
Artificial aggregates from various wastes
Ash for building products formulations
Asphalt filler; limestone/steel
Asphalt filler; limestone/steel slag mixture
use
Bagged
Dust 1300tpa
Baled Polythene
Batch Waste, containing 30% cullet.
Bauxite
Bentonite (pressed; <36% moisture)
Bio-fuel ash (wood or other solid derived)
Bioremediation technology for de-oiling
sludge containing car pet waste
Bitumen
Bitumen roofing felt
Blast furnaces, no PVC
Block carbonation technology
Blocks
Boiler Ash
Bonded Asbestos
Bonded Asbestos Farm Waste
BOS Slag, to mix with red gypsum
Bottom ash with <1% C
Bottom furnace ash from coal boilers
Brick Ingredients

Metal Residues vanadium + Nickel
Metal Rich Wastes
Metal Turnings; ss; Co/Cr; Ti
Metal-bearing ceramics
Metallic fines
Mg Rich cements research project
Mill Scale (Mainly iron and Soap)
Mineral wastes with high magnesia content
Minerals (dolomite)
Miscellaneous
Mixed and clean plate glass
Mixed plastic waste
MATERIALS KTN British Plastics Federation
Oily mill scale in sludge; 5% oil; mainly Fe
Other Ashes/Iron Sludge
Other Gypsum sources, coving, skimming
etc
Other Plastic Waste
Packaging
Packaging Wastes
Paint sludges
Paper from plasterboard
Paste contaminate with substrate
PEI (polyetherimide
PET
PET polymer bottles,
PET resin with 50% recycled content
PETG
PFA
Phosphate Containing Sludge
Phosphate Sludge 95% Fe; 5% Zn;
Phyto-conditioned sludge
Polythene
Polythene (HD/LD) containers/ bottles/
Polythene and polystyrene cups
Polythene bags used as liners for chemicals
Polythene Film
Polythene slight contamination from raw
meat
Polyurethane
Polyurethane foam
Polyurethane moulding
Possible treatment for CCA waste residue.
PP Food Containers
PP nappy tailings
PP Sheets, after cutting, (webs)
PP, PV C or HDPE for plastic kerb-stones
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Brick making materials in York area
Brick Waste
Brick/Concrete fines (30mmdust)
Bricks

PP/PE Food and paint Containers
Process for recycling catalytic converters
Processed Plastic Waste nylon/polyester
Processes glass in various colours

Bromine catalysts
Buckhorn plastic pallets
Building Materials, particularly for CSR
Building Waste
C&D Waste
Calcium Carb or other benign filler material
Calcium Carbonate (ASM from meat & bone)
Calcium Carbonate or substitute as raw
material for
paint Ceramics
Calcium
fluoride
Calcium sources
Carbon Black for pigmentation
Carbon residues ex gasifiers
Carbon rich materials
Carpet offcuts
carpet tile edge trim or scrap tiles
Carpet waste
Carpet Waste; bitumen or PVC backed
Carpets + Textiles
Casterjet (Cr,In,Fe,Mn,It, Mo)
Casting Shell
Catalyst Fines
Catalyst from Industrial
CDs and DVDs (Polycarbonate) for recycling
Cement
Cement Kiln Dust
Cement kiln/limestone dust
Ceramic Cores from Vehicle Catalysts
Ceramic cores or smelted bullion
Ceramic Crucibles (Contaminated with
carbon)
Ceramic Fibre waste ceramics
Ceramic material for tumbling/polishing
Ceramic Materials
Ceramic moulds waste
Ceramic waste
Ceramics from recycled products
Chemical packaging; waste sacks
Chipped PP
Chipped tyres for UTDAR
Clay Alternatives
Clay for landfill construction
Clay from excavations
Clay waste streams
Clean demolition concrete
Clean sand
Clean Water sludges (rich in Al, Fe)
Clean, oil-free Iron Oxide waste (<0.5% oil)

Processors
Propolis traps from recycled material
Protective Material for pallets and cans
PU Foam Car Seats
Pulverized Fly Ash,
PVB
PVB contaminated with glass from car
PVB contaminated with glass from car
windscreens
PVB
Emulsion product
PVC
PVC (plasticised), modified bitumen, nylon
PVC Cable, PVC Car pet tiles
PVC Carpet backing with nylon and glass
cloth
PVC Flooring, after cutting, laminate material
PVC from construction sites
PVC Gloves and Over shoes
PVC Nitrile Rubber
Pyrolysis plant
Quarry byproducts
Quarry fines
Railway Ballast
RB4 Shot Blast waste 98% metal
Reclaimed soils and fines
Recycled aggregate
Recycled bituminous Asphalt
Recycled Crumb Rubber
Recycled granulated polythene (HDPE)
Recycled Plastic
Recycling technology able to demonstrate
Red Gypsum
Red Gypsum, for mine filling applications
Refractory Bricks (80% Mg)
Refractory bricks (possibly contaminated
TiCl4
Cu, Zn
Reground PE/PP
Reject Carpet tiles
Reprocessed PE
Reprocessed white uPVC
Rigid Plastics
Rigid PVC head-waste
Road Planings
Road Sweepings
Road Sweepings
Rock Fines (3mm to dust)
Rubber
Rubber Matting
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Clinical Waste
Clinical Waste 700te
Clinker
Co/Cr/Mo alloy

Rubber strip waste (gaskets)
Rubber wastes
Samples of wastes
Sand

Coal Fines
Coal impregnated Clay
Cobalt, manganese,
Collier y Spoil, discard, shale filtercake
Colliery Spoil
Companies with waste disposal problems
Composite Blocks
Concrete blocks
Concrete Flights and landings
Construction
Construction and Demolition Wastes
Construction/demolition Waste
Consultancy and Advice
containing ceramic filler
Contaminated plastic from meat packing
Contaminated rigid PVC from cooling towers
Contaminated topsoil
Cotton dollies with metallic traces
Crushed concrete, including some tarmac
Cryogenic grinding capability
Cu,Cr, As containing liquor
Cullet Dust
Cushioning Material e.g. EPS, plastic foams
Cyclone Polishing Brushes
DAF filtercake
detection of different plastics
Different Urban Waste; gulley sediments;
DMC, SMC resin
Dolomite
Dolomite aggregate
Dolomite fines
Drilling Spoil
Dry Shot Dust (Cr In, Fe)
Earth moving tyres
Eco-Friendly building materials and products
Effluent/paint sludges in Roro's
Electrokinetics technology for dewatering
Empty drums, plastic, steel, cardboard
Empty IBCs
End Use applications in Brick, cement
EPDM waste
Equestrian surface material
ERDM rubber
Excavated Material
Expanded polymers
Expanded Polystyrene

Sand & Topsoil
Sand for landfill construction
Sand for Roadstone Coating
Sand replacement; filler
Sand Waste
Sand/slag mix waste
Scalpings (Brick/Concrete mix)
ScCO2 Technology for de-oiling sludge
Scrap acrylic polymer offcuts
Scrap or waste carpet tiles
Scrap Resin Mouldings.
Seals
Separation techniques for brick and concrete
Services
Sheets
Shell sand
Shot blast as alloy for melting in furnaces
Shot Blast waste all scale and steel 12te
Shot Dust as alloy for melting in furnaces
Shot-blast dust (alumina)
Shotblast Residues 50% Sand;44%
Fe;6%Cu
Shotblast Waste
Shredded coal slurries
Shredded mixed plastic as C substitute in
SHRINKWRAP
shrinkwrap & hard plastics
Silica byproducts
Silica sand washings
Skimmer slag 800000te
Skip waste for recycling
Slag mixture
Slag Samples
Slags
Slightly soiled high quality carpet tiles
Sludge
Sludges 150,000tpa
Slurry, relatively high FeO content
Small (2m wide) rolls of tufted carpet
Soft Plastics
soft poly fillings
Soils
Specialised packaging for upholstery units
Spent Aggregate/washed sandstone
Spent automotive catalyst for recycling
Spent Fullers Earth or similar
Spent Fullers Earth/Silica mix
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Experience with low shear pelletisation
Expertise in ebonite moulding
Expertise in microbemetal interactions
Expertise on mineralogical analysis,
Expertise on use of mineral wastes

Stainless steel slag
Steel Slag
Steel slag for bulk fills
Steel Slag/co product
Steel Slag/co-product aggregates

Extruded rubber profile
Fabric Waste
Fabric Waste (cottons, wools, acrylics)
Farm Plastics for New Business Opportunity
Fe; 40% free lime
Ferric Ash
Fiberglass Cloth
Fibrous material
Field wraps or silage wraps)
Filter Cake(Fe hydroxide;
Filter cake; containing
Fine byproduct with significant Carbon
content
Fine
byproduct with significant free iron oxide
Fine byproduct with significant metallic
content
Fine
calcium carbonate (cement fines)
Fine grained miner al waste (0.21mm)
Fine Rock Dust filter cake
Fines; predominantly limestone contaminated
finish (ceramic based) sludge
Fire retardant treated fabric
Fittings from HIPS
Fly ash Bottom ash
Fly ash classified as hazardous waste)
Foamix Road sub-base
Food trays from household s
Foundry Dust (abatement dust)
Foundry Sand
Furnace refractory
Furnace Residues, gasifier residues,
catalysts
General Aggregate
Glass
Glass bottles
Glass Fibre
Glass fibre sheet
Glass for Recycling ex C&D waste
Glass Frit
Glass from Household Waste
Glass Waste
Glass, up to 1mm
Graded Household hardcore
Granulated Polypropylene
Graphite leaf/offcuts; including
Graphite leaf/offcuts
Grinding Bodies
Grinding Sludge

Steelmaking slag rubbish 20%
Sub and topsoil
Sundry Road Maintenance Wastes
Supply of precious metals from either
Suspended ceilings
sustainability (traceability)
Sustainable, Environmentally friendly
building
Technologies for sorting, separation and
Technology for shredding and recycling
uPVC
Testing of metals and alloys
Thermoplastic polyolefin
Thermoplastic waste
Top Soil/Equivalents
Topsoil
Topsoil and sand
Tyre Waste
UHMW polythene
Unclassified fine silica powders (offgrade)
Unclassiified powdered clay mix
Uncured Rubber waste
Unsegregated waste plastics
uPVC
Use of slag aggregates with Asphalt industry
Used Ni
Used Plastic Containers
Used V2O5 catalyst
Uses of red gypsum in construction/mine
UTDAR for landfill Drainage
Vacuum cleaners.
Vanadium Containing Residues
Various by products
Various waste plastics
VCI (Corrosion Resistant Polypropylene)
bags Catalysts
Vehicle
Vehicle Tyres
Vermiculite
Very fine (sub 0.1mm) carbonate/sulphate
Vulcanised and un-vulcanised rubber waste
Vulcanised rubber offcuts, various colours
Waste aggregates for block making;
Waste calcium carbonate
Waste cardboard & polythene packaging
Waste carpet material
Waste characterisation Research facility
Waste clay; high iron; carbon; residue
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Grit sands
Grits
Gypsum
Gypsum/plasterboard
hard bond fillers

Waste Concrete
Waste Fullers Earth (Aarhus)
Waste Gypsum
Waste Gypsum from EP Dust
Waste metal finishing/surface

HDPE
HDPE Containers
HDPE from construction products
HDPE Kegs
High carbon Dust/slurry
High CV product in plastic containers
High lead content dust
High silica grits
Hot mill sludge
IBA not land-filled (nonferrous)
IBCs
Identification of precious metals
Improved Protective Packaging
Incinerator ash
Inert Material for restoration of landfill
Inert material from HWRC sites
Inert mineral fillers
Inerts (Silica)
Innovative packaging systems (protective)
Ionic Liquid technology for extractions,
Ionic Liquids for extraction
Ionic Liquids for metal Separation
Iron and Steel Slag
Iron byproducts
iron hydroxide
iron hydroxide sludge
Iron Oxide Sludge
Iron rich materials metal containing material
Iron Rich Minerals
Iron Rich Waste
Iron scale
Iron sludges
Iron/ carbon Rich Filter Cake
Iron/Carbon rich material (see note)
Iron-Bearing wastes for land remediation
Kieselguhr
Ladder waste/offcuts
Lagging material
LANDFILL OPERATORS
Mattress waste
Meat and Bone meal
Metal Bearing Sludges
Metal bearing waste water
Metal hydroxide sludges
Metal Impregnated Calico Mops

Waste Mixed fibre dust
Waste or natural magnesia
Waste plasterboard
Waste plastic for sorting plant
Waste Plastic textiles
Waste plastics
Waste plastics mainly PS, PE, PP
Waste red clay slurry (2.5% solids)
Waste Stream to bulk A1 Aggregate
Waste tyres
Waste Upholstery material
Waste Various HDPE & Polyprop
Wastes solids/sludge
Wheelie Bins
Window extruded scrap
windscreens
Wool Flock
Zinc and Lead drosses
Zinc Ash 70% Zn;
Zinc dross
Zinc Phosphate Sludge
Zinc Residues
Zinc/Iron-rich sludges
Zn Hydroxide; Pb
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